Abstract We examined the effects of acculturation, depressive symptoms, progesterone, and estriol (E3) as predictors of preterm birth (PTB) in pregnant Hispanic women. This cross-sectional study recruited a sample of 470 Hispanic women between 22-and 24-week gestation from physician practices and community clinics. We used the CES-D to measure maternal depressive symptoms. We measured acculturation by English proficiency on the Bidimensional Acculturation Scale, residence index by years in the USA minus age, nativity, and generational status. Serum progesterone and E3 were analyzed by EIA. Ultrasound and medical records determined gestational age after delivery. In χ 2 analysis, there were a significantly greater percentage of women with higher depressive scores if they were born in the USA. In a structural equation model (SEM), acculturation (English proficiency, residence index, and generational status) predicted the estriol/progesterone ratio (E/P), and the interaction of depressive symptoms with the E/P ratio predicted PTB. Undiagnosed depressive symptoms during pregnancy may have biological consequences increasing the risk for PTB.
native born (Phadungkiatwattana et al. 2011) . Therefore, the paradox varies highly with the country and ethnicity studied as to whether the phenomenon is applicable.
In the past 10 years, evidence has shown that acculturation of Hispanics into the US culture has adversely affected the biological mechanisms that maintain pregnancy, particularly the progesterone and estriol balance, thus increasing the risk of PTB (Ruiz et al. 2008) . We therefore sought to examine possible explanations for the adverse effects related to acculturation associated with preterm birth.
Predicting preterm birth
There are many considerations when examining causes of PTB as PTB etiologies are believed to be multifactorial (Kamel 2010) . One factor is prepregnant body mass index (BMI). A meta-analysis (McDonald et al. 2010) found no increased risk of spontaneous PTB in overweight or obese women, but the risk for medically indicated PTB was increased (Relative risk 1.30; CI 1.23; 1.37). In addition, the risk of spontaneous PTB has been shown to be increased when the maternal BMI is less than 19.6 (Iams 2003) . There are many sociodemographic factors that have been examined regarding etiology and risk factors for PTB. Low socioeconomic status has been associated with PTB and is likely caused by factors related to women living in poverty, such as being younger, being single, and using more tobacco and illicit drugs. These factors examined independently have not been shown to be causative for PTB, but it is believed that the combination of these factors contributes to the likelihood of PTB (Reedy 2007) . Evidence for a causal role for infection with PTB has been reviewed in detail (Romero et al. 2006) , and infection has been implicated as an important factor leading to PTB. One of the most important factors consistently predicting PTB has been a history of PTB, with at least a 1.5-to 2-fold increased risk for a repeat PTB (Iams & Berghella 2010) .
Progesterone and estriol are considered essential hormones in pregnancy, and it has been hypothesized that both hormones are part of the process of parturition (Brown et al. 2004; Kamel 2010; Vidaeff and Ramin 2008) . There has been much investigation into the idea of functional progesterone withdrawal. When progesterone pathways no longer keep the uterus in a quiescent state, it has been thought that estrogen then counterbalances the effects of progesterone on the uterus and activates contractile pathways. Smith et al. (2009) collected serial blood samples to determine predelivery changes in the ratios of estriol (E3), estradiol (E2), and progesterone. They found that both E3 and E2 increased, and the progesterone/estriol ratio decreased in the month before delivery, e.g., progesterone levels were lower, and E3 levels were higher. Other investigators (Mesiano 2004) have suggested that the receptors of progesterone and estrogen may interact; thus, the receptors may be important in the change of the hormonal balance leading to estrogen activation and functional progesterone withdrawal.
It is important to consider alternative explanations related to acculturation affecting progesterone and estriol levels and increasing the risk of PTB. One study (Nagata et al. 2007) presented data that estriol levels in pregnancy may be regulated by polyunsaturated fatty acids in the diet, mediating the effects on fetal growth. However, a systematic review (Ayala et al. 2008 ) focusing on the relationship between acculturation and diet revealed several consistent results. First, there was no relationship between acculturation and dietary fat intake, despite the fact that dietary fat intake did vary between the less and more acculturated. The more acculturated individuals consumed more fast food, fatty snacks, and added fats than the less acculturated individuals. Those who were less acculturated used more whole milk and lard to cook with and ate more fruit, rice, and beans. Second, the results of this review found strong evidence that dietary cholesterol intake was not associated with acculturation. Since progesterone and estriol are biochemically broken down from cholesterol in the placenta (Creasy et al. 2009 ), these data are particularly relevant to refute any competing hypothesis that diet changes related to the acculturation process may explain the changes in progesterone and estriol.
In previous research with Hispanic women (Ruiz et al. 2008) , acculturation, as operationalized by English proficiency, predicted a change in the progesterone/estriol ratio, i. e., lower serum progesterone levels and higher serum E3 levels. Thus, factors associated with progesterone and E3 levels may be important in predicting PTB. We included progesterone and E3 measured in the blood as key indicators that have been previously identified (Ruiz et al. 2008) related to the process of parturition. Progesterone and E3 were part of a larger study related to other stress hormones and immune factors in the blood related to parturition.
Antenatal maternal depressive symptoms have been linked to PTB in some, but not all, research studies (Grote et al. 2010) . The evidence has revealed a somewhat inconsistent picture (Yonkers et al. 2009 ). Some evidence has suggested that depression during pregnancy may be associated with PTB (Dayan et al. 2006; Orr et al. 2002) . Other studies (Andersson et al. 2004; Copper et al. 1996) have reported no relationships between depressive symptoms and PTB. Explanations for these conflicting findings may be (a) the population studied, (b) the extent to which the control variables are included, such as SES, race/ethnicity, antidepressant use, smoking, substance use, previous PTB, or medical complications, and (c) the study design, methods, sample sizes, and the timing and type of depression measurement (Grote et al. 2010) . Grote et al.'s (2010) recent meta-analysis indicated that depression in pregnancy, regardless of categorical or continuous measurement, was associated with a modest but significantly increased risk for PTB. Lower socioeconomic status women had an increased risk of PTB. Another report (Smith et al. 2011 ) described a study associated with the Healthy Start Initiative. After adjustment for covariates, women with probable depression were one and one-half times more likely to deliver a PTB baby as compared to non-depressed women. Another recent study (Fransson et al. 2011 ) used the Edinburgh Postnatal Depression Scale to measure depressive symptoms at 16-week gestation in their Swedish sample. Their results also indicated an increased risk of PTB when the cutoff score was 12 or higher (OR 1.56, 95% CI 1.03, 2.35). Thus, the more recent studies have indicated an increased risk for PTB when pregnant women have greater depressive symptoms.
Acculturation is a factor that potentially explains levels of depressive symptoms in pregnant Hispanic women. Acculturation may be defined as the development of new cultural traits when two previously culturally distinct groups interact with one another (Hunt et al. 2004 ). Several studies (Fortner et al. 2010; Lara et al. 2009 ) found a high prevalence of prenatal depressive symptoms (30-32% of the sample) among Hispanics. However, the rate of depressive symptoms during pregnancy in the general population varies widely, ranging from 16% (Rich-Edwards et al. 2006 ) to 53% (Zayas et al. 2003) , with highest rates among low socioeconomic status and ethnic minorities. Rates have indicated that Hispanic women with extensive exposure to the US culture (i.e., more acculturated) represent an at-risk population for increased risk of depression (Davila and McFall 2009; Lara et al. 2009 ) and PTB (March of Dimes 2005). Investigators have used language preference, country of birth, years in the USA, and generational status as proxies for acculturation measures (Fortner et al. 2010) . However, there is some controversy related to the Hispanic paradox; some evidence indicates that immigrant women may be at higher risk for depression (Ding and Hargraves 2009) . Additionally, investigation into the subgroups of Hispanics has revealed that the paradox holds for Mexicans regarding anxiety and depression, but not to Puerto Ricans, indicating that the phenomenon may vary by Hispanic subgroup (Alegria et al. 2008 ).
The present study examined interactions between psychological factors and the neuroendocrine system from a psychoneuroimmunological (PNI) perspective. Psychoneuroimmunology (PNI) is the study of the interactions among one's psychological state ("psycho"), neuroendocrine system ("neuro"), and immune system ("immunology") (Ader 1981; Nguyen 1991; Kiecolt-Glaser and Kiecolt-Glaser 1991) . PNI provided a framework for examining the relationships between psychosocial/cultural and biological phenomena and their influence on health outcomes. The PNI model implemented in the present study examined the impact of interactions between a psychological factor, depression, and the biological factors, E3 and progesterone, on increasing the risk of PTB (see discussion in the "Methods" section for an explanation of the limited number of variables due to low occurrence of PTB in the sample). Depressive symptoms were selected as the psychological variable due to the prevalence in the sample and its prevalence in Hispanic women during pregnancy (Fortner et al. 2010; RichEdwards et al. 2006) . E3 was selected due its possible links to poor birth outcomes and PTB (Brown et al. 2004; Kamel 2010; Vidaeff and Ramin 2008) . Progesterone was chosen as it has a key role in the maintenance of pregnancy (Smith et al. 2009 ). Our model tested the hypothesis that depressive symptoms, progesterone, and E3 interact and have additive effects in pregnancy, and the combination of changing levels or changes in the ratio with depressive symptoms increases the risk of PTB. We also examined the impact of acculturation as an antecedent of these factors in light of the evidence that greater acculturation in Hispanics is associated with poorer health outcomes (Franzini et al. 2001 ). In addition, several variables were examined for inclusion in the model due to possible causal relationships with PTB. Figure 1 illustrates the PNI theoretical model with the proposed interactions between acculturation, depressive symptoms, progesterone, E3, and preterm birth.
Purpose and hypotheses
The purpose of the study was to examine the effects of acculturation, depressive symptoms, progesterone, and E3 as predictors of PTB in pregnant Hispanic women. The following hypotheses were tested based on the PNI theoretical framework: (a) There are differences in depressive symptoms by acculturation, (b) depressive symptoms, progesterone, and E3 interact to increase the risk of PTB, and (c) acculturation predicts the interaction of depressive symptoms with the E3/progesterone ratio.
Methods
The study design was cross-sectional. We recruited pregnant women for data collection at 22-24-week gestational age. Twenty-two-to twenty-four-week gestation was chosen because, at that time period in gestation, the fetus is considered viable. In addition, earlier work has established that this is a key time to measure biological factors related to PTB (Ruiz et al. 2002) . The inclusion criteria were (a) ability to read and speak English or Spanish, (b) pregnancy with only one fetus, (c) self-identification of Hispanic ethnicity, (d) pregnant less than 22-week gestation, and (e) age 14-40. The exclusion criteria are identified in Table 1 . Participants were kept in the study if they were treated with diet only for gestational diabetes or if they were diagnosed with preeclampsia after data collection. Diagnosis for gestational diabetes and preeclampsia was determined by the obstetrical care providers as determined on the prenatal or medical records. The Institutional Review Boards at The University of Texas Medical Branch in Galveston and The University of Texas Health Science Center in San Antonio approved the study. The study was performed in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki. Informed consent in Spanish or English was obtained from all participants.
The study occurred during the years 2003-2007 in several regions in Texas. Participants from the Houston/Gulf Coast area were chosen from a single community clinic in Pasadena, TX (n068). The majority of these participants were self-pay or had state-funded insurance. The second region was from the San Antonio/South Texas area, coming from five private-practice physicians (n0172) and had primarily Medicaid or private insurance. The third region was from the Austin/Central Texas area, coming from five Austin community clinics (n 0279) and were primarily self-pay or had state-funded insurance.
We identified potential participants through examination of medical charts. Participants whose gestational age was less than 20 weeks or earlier were approached either before or after routine prenatal doctor visits. Convenience sampling was used to recruit all participants who met the criteria. After obtaining informed consent, a research nurse scheduled a separate appointment with the participant for data collection. During the data collection visit, the nurses acquired demographic data, including the participants' age, number of pregnancies (gravidity), marital status, years in the USA, generational status, and where they were born (foreign born or US born), and administered self-report questionnaires (acculturation and depressive symptoms). The research nurses also noted from the prenatal chart any history of PTB. Height and prepregnancy weight were recorded from the prenatal chart to determine body mass index (BMI). Any incidence of infection during pregnancy was recorded from the prenatal chart. The nurses asked if any medications were taken, and the time those medications were last taken was also recorded based on participant recall. The nurses also drew a venous blood sample and collected a urine sample to be commercially analyzed for cotinine to quantitatively measure smoking. All appointments took place only between 1 p.m. and 3 p.m. to control any potential diurnal variation of E3 and progesterone. After birth, we obtained maternal and infant outcomes by chart review. We used an ultrasound at less than 20 weeks as preferred dating criteria to establish gestational age at birth. The definition used for PTB was parturition before 37-week 0-day gestational age and included both spontaneous PTB and medically indicated PTB due to preeclampsia.
Acculturation measures
We used a self-report instrument, the Bidimensional Acculturation Scale (BAS) for Hispanics, to measure acculturation (Marin and Gamba 1996) . The instrument assesses bidirectional changes in behavior in two cultural areas: Hispanic and non-Hispanic. We chose to administer The Language Proficiency (LPS) subscale out of the BAS as it is a briefer version that provides a rapid and valuable measure of acculturation (Marin and Gamba 1996) . Participants with scores above 2.5 on the Language Proficiency subscale were interpreted to be English proficient. Previous testing with the BAS showed high internal consistency and high validity coefficients, working well with MexicanAmericans and with Central Americans (Marin 1992) . The LPS subscale of the BAS to measure English proficiency in this study had a high alpha reliability coefficient of 0.89. In addition, we used demographic measures associated with acculturation such as years in the USA, whether the participant had Medicaid or private health insurance, and country of birth (US versus foreign born). In previous studies (Ruiz et al. 2007) , greater residence in the USA for more than 10 years indicated a potential greater acculturation. Residence index was calculated by subtracting years spent in the USA from the participant's age to operationalize exposure to the US culture. Generational status was determined by categorizing the participant as first generation if she was foreign born, second generation if her mother was foreign born and she was born in the USA, and third generation if the participant, her mother, and her grandmother were all born in the USA.
Depressive symptoms
We used the Center of Epidemiological Studies Depression Index (CES-D) (Radloff 1977) to evaluate depressive symptoms. All questionnaires were completed during the same data collection visit as when the blood samples were collected. The CES-D is a 20 item, 4-point Likert scale ranging from never (0) to most of the time (3) and has been used to assess the overall level of depressive symptoms experienced in the past week. Potential scores range from 0-60, with elevated scores indicating greater depressive symptomatology. It is appropriate for use in general populations, as well as pregnant populations, and has strong psychometric properties (α 00.85) (Radloff 1977) . We defined depressive symptoms as a CES-D score of >16 as that has been used in many investigations about depression during pregnancy (Lancaster et al. 2010; Ruiz et al. 2007 ). The CES-D had an alpha reliability coefficient of 0.87 for this sample.
Estriol
We collected 20 ml of blood for the entire large study, and aliquoted 0.5 ml for E3 measurements. Blood samples were centrifuged at 2,000×g (10 min) immediately after being drawn, and the serum decanted into polypropylene tubes and stored on ice until they could be placed in a −80°C freezer no more than 4 h after collection. E3 levels were analyzed by EIA (Labor Diagnostika Nord, Germany) according to the manufacturer's instructions. The EIA was read spectrophotometrically at 450 nm with a μ-Quant Reader (Bio-Tek Instruments, Inc., Winooski, VT). The interassay coefficient of variation was 10.18%, with the sensitivity of the assay at 0.02 ng/ml. The same laboratory technician conducted the analyses and was blinded to participant names and histories.
Progesterone
Progesterone was also analyzed using an Enzyme Immunoassay technique (MP Biomedicals, Irvine, CA) and read spectrophotometrically at 450 nm using the same μ-Quant Reader as for estriol (Bio-Tek Instruments, Inc. Winooski, VT). The interassay coefficient of variation for progesterone was 9.04%, and the sensitivity of the assay was 0.3 ng/ml.
Statistical analysis
We formed a ratio of E3 to progesterone (henceforth EP ratio) by dividing E3 by progesterone.
1 Prior to forming the ratio, we transformed E3 and progesterone into their natural log to improve interpretability as log values approximate proportional change.
Prior to model building, we computed descriptive statistics for demographic and biological measures. We conducted bivariate analyses within the group of PTB's for relationships with depression, including the EP ratio. Model building was conducted in two phases. In the first phase of model building, we assessed the impact of potentially confounding variables on the outcome variable using 1 We elected to use an estriol to progesterone ratio, rather than the progesterone to estriol ratio used in Ruiz et al. (2008) , so that the effects of the ratio and depressive symptoms, the other focal variable, were in the same direction, which facilitates interpretation (e.g., higher estriol to progesterone ratio and higher levels of depressive symptoms are considered to be unhealthy and thus more likely to lead to PTB). guidelines developed by Hosmer and Lemeshow (2000) . We used SAS statistical software (version 9.2, Cary, NC,) to fit all models described in this phase of the analysis. There were two variables of clinical interest for our model, EP ratio and depressive symptoms (CES-D), and seven potentially confounding variables that were evaluated for inclusion in the model, including history of PTB, preeclampsia, marital status, infections during pregnancy, age, BMI, and gestational age at which the blood was drawn. We considered epidemiological methods for model fitting that favor all potentially relevant variables added in the model to account for the potential of confounding effects. The combination of several control variables collectively is thought to produce a confounding effect (Greenland 1989 ). While we favor this approach, it has the potential to overfit the data and thus produces inflated standard errors and numerically unstable results. In addition, there were a limited number of events of PTB's (n033). While there are no firm rules on the number of covariates per event, guidelines suggest that there should be ten events per covariate (Hosmer and Lemeshow 2000) . Following this guideline, we have the potential to include no more than three covariates, which would only allow us to examine the two variables of interest and their interaction. However, we felt that it was important to consider other potentially confounding variables and examined these variables following recommendations from Hosmer and Lemeshow (2000) in which variables are examined in the following sequence: (1) Univariable analyses are conducted using Pearson's Chi-square tests between the outcome and each of the categorical variables, and t tests are conducted using the outcome as an independent variable for the continuous variables, (2) non-significant variables are excluded from the model, (3) the importance of each variable is verified in the multivariable model, (4) examine categorical variables for appropriate categories, and examine linearity in continuous variables, and (5) interactions are fit.
In the second phase of model building, we constructed a structural equation model (SEM) by introducing acculturation as an exogenous variable. This model incorporated variables and interactions selected in the first phase of data analysis. Acculturation was considered to be an exogenous variable as it temporally precedes the E/P ratio and CES-D measures that were taken before delivery. We also evaluated covariates retained from the previous phase as being exogenous if they were present prior to pregnancy and endogenous if they were present during pregnancy. All analyses in this phase of model building were implemented using the Mplus software (Muthén and Muthén 2010) . We implemented a probit regression model rather than a logistic model because the probit model provides fit indices that are not available for logit models. Mplus implements direct maximum likelihood in model estimation, which makes use of all observed data in model estimation and is a method recommended for the analysis of data with missing values (Graham 2009 ) under the assumption that data are missing at random and thus allows us to make use of data from all 470 participants in model estimation.
Results
A post-hoc power analysis was conducted using the smallest and largest observed significant effects by using standardized coefficients in a linear regression power analysis. The depression by EP ratio interaction predicting PTB was the smallest standardized coefficient with a value of 0.18 and with a post-hoc power of 0.98, and the largest was the acculturation path to EP ratio with a value of 0.30 and a post-hoc power of >0.99.
Descriptive statistics and results for hypothesis a
There are differences in depressive symptoms by acculturation.
Seven percent of the sample had a PTB. The mean level for EP ratio was 0.29 ng/ml (SD 0.17). The average CES-D score was 14.57 (SD09.25); 40.3% of the sample exhibited CES-D scores greater than or equal to 16, which is indicative of "mild" to "severe" depressive symptomatology. The range of household yearly income for the sample was $1,500 to $135,000, with a mean of $20,584 (SD0$13,145). Single participants were more acculturated: English proficiency was 2.58 (SD01.24) for single participants, whereas married participants averaged 2.06 (SD01.19, t (465)04.68, p<0.001. Residence index was used as a measure of exposure to the American culture. Years in the USA minus age equaled the residence index (Alegria et al. 2007) , with smaller numbers indicating greater acculturation. Therefore, the closer to zero or negative number, the greater was the acculturation. Thus, the residence index had an inverse relationship to acculturation as lesser acculturation equaled larger numbers. Residence index was −11.70 (SD010.40) for single participants, in contrast to married participants who averaged −16.45 (SD09.08), t (467)05.15, p<0.001. For single participants, the mean for generational status was 1.64 (SD00.64), in contrast to married participants who averaged 1.37 for generational status (SD0 0.73), t (467)03.68, p<0.001. Table 2 provides sample characteristics as well as Chisquare analysis demonstrating significant differences in proportions between higher depressive symptom scores in the more acculturated participants as compared to the less acculturated participants. The variables used to operationalize acculturation for Table 2 were years in the USA, English proficiency, presence of medical insurance, and having been born in the USA. Two variables, presence of insurance and having been born in the USA, indicate significant differences in depressive symptoms by acculturation.
Because PTB was a primary outcome variable for the study, we examined characteristics surrounding PTB. Out of 33 PTB's, there were 28 spontaneous, and five were delivered due to preeclampsia. Thirty-seven participants out of the total sample had a history of PTB, of which six delivered preterm. Nine of the thirty-three preterm infants were less than 34-week gestation. Of the 33 PTB's, there were no women with sexually transmitted diseases or documented chorioamnionitis on the medical record. Out of the entire sample, there were very few smokers, with only three participants who tested positive for cotinine. One participant reported illegal drug (opiate) use, but this participant did not deliver prematurely.
Although the percentage of PTB from this sample was low (7%), this was due to a large number (290) of participants in the sample being primarily proficient in Spanish or a Statistically significant at p<0.05 using χ 2 , analysis of variance, or independent t-tests born in Mexico (320) and were new immigrants here (less than 5 years in the USA). These women had a 5% PTB rate, compared to the 10% rate of the women who spoke English (n0178) or were born in the USA (n0149), of which the sample had a smaller number. The majority of the women were new immigrants with better birth outcomes; thus, the total percentage of PTBs was smaller overall. We also examined factors that possibly could have had an effect on estriol and thus the EP ratio levels. There was only one participant, of those who had preterm birth, who was on antibiotics 2 weeks before data collection. The rest of the preterm births were not on antibiotic therapy, steroids, or antidepressant medications. We used gestational age at time of blood draw to control for variations in EP ratio by gestational age. Importantly, all of the different measures related to increased acculturation had similar rates of preterm birth. Three variables were significantly different in the rate of preterm birth: history of preterm birth, preeclampsia, and English proficiency.
Hypotheses b
Depressive symptoms, progesterone, and estriol interact to increase the risk of PTB.
Hypothesis c
Acculturation impacts the EP ratio and depressive symptoms.
Steps in model building
Following the variable selection steps outlined previously, we first examined univariable relationships with the outcome, PTB. Among the categorical variables, we observed a significant effect for the history of preterm birth (χ 2 05.20, p 00.02) and preeclampsia (χ 2 04.09, p 00.04), whereas there was no significant effect for marital status and preterm birth (χ 2 00.11, p00.73) or infections during pregnancy and preterm birth (χ 2 01.48, p00.22). Examining the differences between preterm and full-term infants for the continuous variables, there were no differences in age (t (468)00.79, p00.43), BMI (t (457)00.66, p00.51), gravida (t (461)0 −0.55, p00.58), or gestational age at which the blood was drawn (t (468)0−0.31, p00.76). Second, we determined which variables to include in subsequent phases. After evaluating each of the possible potentially confounding variables in the model, there were five variables that we were clearly able to exclude: age, BMI, gravida, and gestational age at time of blood draw. History of preterm birth and preeclampsia were retained in all subsequent analyses. Third, in a multiple variable model that contained the two variables of primary interest, depression and EP ratio, we verified the importance of history of preterm birth which remained marginally significant (χ 2 02.85, p00.092), and preeclampsia was also marginally significant (χ 2 03.82, p0 0.051). Fourth, we examined the linearity of continuous variables in logistic regression models with linear and quadratic trends. In models containing the variables entered in previous steps with the addition of a quadratic effect, neither the EP ratio quadratic effect (χ02.18, p00.14) nor the CES-D quadratic effect (χ 2 00.30, p00.586) was significant. Fifth, we examined interactions for each of the variables in the model. The interaction between EP ratio and history of PTB birth (χ 2 00.43, p00.513) and the interaction between CES-D and history of PTB (χ 2 00.68, p00.408) were not significant. The interaction between EP ratio and preeclampsia (χ 2 00.249, p00.618) and the interaction between CES-D and preeclampsia (χ 2 00.01, p00.915) were not significant. The interaction between E3 and CES-D was significant (χ 2 06.93, p00.009), resulting in the interaction between EP ratio and CES-D being significant (χ 2 05.33, p00.021). In the second phase of model building, we constructed the SEM model displayed in Fig. 2 . Model fit was good for each of the fit indices: The χ 2 test of model fit was not significant (χ 2 023.75 (21), p00.306), and all model fit indices exhibited good fit: Tucker-Lewis index00.97, root mean square error of approximation00.02 (95% CI00.00, 0.04), and weighted root mean square residual00.58. R 2 for preterm birth was 0.18. The direct path from acculturation to EP ratio was significant. The direct path from history of PTB to depression was marginally significant (p00.08). EP ratio, preeclampsia, and the EP ratio by CES-D interaction were significant predictors of PTB.
Discussion
Hypothesis a tested for differences in depressive symptoms by acculturation and was clearly supported in the results presented in Table 2 . Hypothesis b predicted an interaction of depressive symptoms, progesterone, and E3 that would increase the risk of PTB; this hypothesis was also supported. Hypothesis c predicted that acculturation would directly affect the E/P ratio and depressive symptoms. The third hypothesis was partially supported in that acculturation directly predicted the E/P ratio, e.g., higher estriol, lower progesterone. But, acculturation did not directly significantly predict depressive symptoms. Only when E3, and thus the E/P ratio, interacted with depressive symptoms was the risk of PTB increased. This analysis possibly indicates the additive effect of depressive symptoms with E3 and progesterone, moderating the effect on PTB. Thus, these results may partially explain the finding that acculturation affects progesterone and estriol in Mexican origin Hispanic women to predict PTB (Ruiz et al 2008) .
Acculturation was modeled as a latent variable using three indicators: English proficiency, residence index (years in the USA minus age), and generational status. These measures for acculturation are consistent with how acculturation was measured in other studies (Fuentes-Afflick and Hessol 2008; Himmelgreen et al. 2004) . English proficiency and residence index could be easily assessed in a clinical setting. Within several minutes of initial greeting, care providers can establish the English proficiency of a woman. Providers may also quickly ask how long the woman has been in the USA, as well as her age. Closer matches between years in the USA and a woman's age are associated with greater levels of acculturation. Thus, these data give indicators of how the risk of acculturation may be easily screened clinically.
Our results are consistent with recent findings demonstrating that depressive symptoms predict an increased risk of PTB (Grote et al. 2010; Smith et al. 2011) . The current study focused specifically on the Hispanic Mexican origin population, and therefore, it is particularly applicable to that ethnicity. In the SEM model, depressive symptoms had a significant statistical interaction with the E/P ratio to predict PTB. While the direct path between acculturation and depressive symptoms wasn't statistically significant in the SEM, it was apparent when examining the descriptive statistics that depressive symptoms were significantly higher in the more acculturated women. This finding suggested that the more acculturated women (those who have medical insurance and were born in the USA) have more risk of depressive symptoms.
It may also be important to consider other explanations for the acculturation effect on E3 and the E/P ratio. The most apparent possible explanation is the effect of acculturation on diet, which was discussed in the introduction. Other possible effects of acculturation related to estriol and PTB might be that as the women acculturate, they tend to be younger when they get pregnant and tend to be single, with the E/P ratios slightly higher (though not statistically significant).
It is significant to note that in this study, none of the participants were on medications for depression as that was an exclusion criterion. We were trying to avoid confounders, such as the use of antidepressants, which could affect the etiology of PTB. Some studies (Suri et al. 2007; Lund et al. 2009 ) have implicated the use of antidepressant medications, specifically selective serotonin reuptake inhibitors (SSRI's), as increasing the risk of PTB. The evidence from this study suggests that it may be the pathophysiology resulting from depressive symptoms that is related to PTB, which, in this case, is specifically related to E3 and the E/P ratio.
The data presented related to history of PTB and preeclampsia predicting PTB are consistent with risk factors that are well established for PTB (Iams and Berghella 2010) . Preeclampsia often correlates with PTB significantly as oftentimes early delivery is the only real cure to prevent severe complications from preeclampsia in both mother and infant. History of PTB is one of the strongest known risk factors for PTB (Iams and Berghella 2010) , and the results from this study are consistent with earlier work.
The rates of depressive symptomatology reported from this study are congruent with the literature on the prevalence of depression in Hispanic women (Davila and McFall 2009; Lara et al. 2009 ). The findings reported from this study are also consistent with higher depressive symptoms during pregnancy (Zayas et al. 2003) . In another study (Yonkers et al. 2001) , the investigators reported that half of the Hispanic and African-American women suffered the beginnings of a major depressive disorder in their pregnancy. These findings underscore the vital need to screen for depressive symptoms during pregnancy.
The model from the PNI framework suggests that psychosocial factors, e.g., depressive symptoms, would interact in a bidirectional manner with the neuroendocrine factors or hormones, e.g., E3 and progesterone, thus suggesting an interaction between psychological and biological factors impacting health outcomes. Depressive symptoms did not directly predict PTB in the model; however, the combination of depressive symptoms with progesterone and E3 predicted PTB, indicating that the combined impact of these factors produced the greatest risk. It may be that the effects of the steroid hormone changes interact with the central nervous system and result in depressive symptoms, or it may be that the central nervous system response (manifested as depressive symptoms) affects the steroid hormones. These findings potentially have clinical significance in that it may be beneficial to screen for depressive symptoms, E3, and progesterone concurrently to better determine risk, for example, at the time of the multiple marker screen when E3 is normally included in testing. Acculturation directly impacted E3 and thus the E/P ratio, indicating that more acculturated women had higher levels of this risk factor for PTB. This finding is consistent with the Hispanic paradox, whereby more acculturated individuals exhibit poorer health outcomes (Franzini et al. 2001) . The data presented here provide further evidence that acculturation of Mexican origin pregnant women may be part of an evolving risk profile to predict PTB. The risk profile holds promise to identify clinically those Hispanic pregnant women who are more acculturated, may score higher than 16 on the CES-D for depressive symptoms, and have a higher estriol level and a lower progesterone level. Further research will need to identify the accuracy of such predictions for clinical practice.
There are at least three limitations in the study of which we are aware. First, the cross-sectional design limited ability to determine when depressive symptoms might have a worse effect on PTB over different times in pregnancy. Second, the sample was a convenience sample, which possibly could have introduced bias in the results. Use of a selfreport measure of depressive symptoms was another limitation as some of the questions ask about fatigue, changes in sleep, and changes in appetite that may have an overlap with symptoms in pregnancy. We recommend using a secondary measure of depression with the CES-D for validation of the results in this study.
The data presented from this study suggest that it is vital to screen for depressive symptoms early and often in pregnancy. The linkages of depressive symptoms to acculturation need further exploration in relationship to acculturative stress and discrimination, as well as to critical periods in pregnancy when depressive symptoms may have the most deleterious effect on pregnancy outcomes. We speculate that depressive symptoms may be worse in different stages of the acculturation process and that knowledge may be important for an evolving risk profile to prevent PTB. It will be important to develop innovative interventions to help facilitate the acculturation process and protect against depressive symptoms.
